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Introduction

77
The strength and ductility of steel bar Reinforced Concrete (RC) members in harsh 78 and corrosive environments may decrease due to the corrosion of steel reinforcement. Fiber
79
Reinforced Polymer (FRP) composites are considered as practicable alternative of steel 80 reinforcement due to higher ultimate tensile strength to weight ratio, higher corrosion and 81 chemical resistance, and higher electromagnetic neutrality of FRP composites [1] . Although was reported to be influenced by the modulus of elasticity and ultimate tensile strength of bar.
127
The majority of the research studies conducted on unreinforced and bar reinforced
128
CFFT was focused on the behavior of columns tested under concentric axial load. However,
129
most of the columns in actual construction are subjected to combined axial and bending properties of FRP tubes are provided in Table 2 .
Experimental Program
189
The CTCR specimens were longitudinally reinforced with six 15 mm nominal 190 diameter CFRP bars (reinforcement ratio = 3.3%). The GTGR specimens were longitudinally 191 reinforced with six 15.9 mm nominal diameter GFRP bars (reinforcement ratio = 3.7%).
192
CFRP and GFRP bars were pultruded bars with all the fibers orientated along the longitudinal bars were glued on the inner side of the tube along the circumference (60 degrees apart).
208
The specimens were cast with a batch of ready mix concrete obtained from a local 
Preliminary Material Testing
232
The average cross-sectional area and diameter of GFRP bar were 292 mm 2 and 19.3 mm,
233
respectively. The nominal cross-sectional area and diameter of GFRP bar provided by the 234 manufacturer were 198 mm 2 and 15.9 mm, respectively [38] . The difference in the nominal 235 and measured cross-sectional area and diameter of GFRP bar might be due to sand coat. 
Testing of specimens under four point loads
272
The beam specimens were tested under four point loading using two platen rigs (top 273 and bottom) placed diagonally in the UTM (Fig. 1d) . To test the specimens, the bottom platen 
Experimental Results and Discussions
286
The ductility (  ) of the tested specimens was calculated using the energy method in 287 which ductility is considered as the ratio of areas under the axial load-axial deformation curve
. The ductility of the tested specimens was calculated according to Equation 1. (Fig. 3) . further reduction in axial load with increasing axial deformation until the test was stopped.
316
The failure of Specimen REF-0 was characterized by spalling of the concrete cover, crushing 317 of concrete and buckling of steel bars without rupturing of steel helix (Fig. 4) .
318
The axial load-deformation behaviors of the tested column specimens under concrete. Specimens CTCR-0 carried 24.1% higher peak axial load than Specimen CT-0.
329
Similarly, Specimen GTGR-0 carried 49.3% higher peak axial load than Specimen GT-0.
330
This showed that FRP bars were also effective in resisting axial compression along with 331 concrete (Table 3) . buckling of steel bars and fracture of steel helix (Fig. 6 ).
342
The axial load-axial deformation behaviors of tested column specimens under 25 mm 343 eccentric axial load are shown in Fig. 7 (Table 3) .
354
The failure of Specimens CT-50 and GT-50 was characterized by splitting of the 355 specimens in two halves at the mid-height with crushing of concrete and rupture of fibers.
356
Specimen CTCR-50 failed due to rupture of fibers at the mid-height with significant lateral of steel helix (Fig. 8) .
362
The axial load-deformation behaviors of the tested column specimens under 50 mm 363 eccentric axial load are presented in Fig. 9 (Table 3) . 
Effect of Eccentricity
372
The effect of eccentricity on peak axial loads and ductility of the 15 specimens tested and long flexural cracks in the tension region followed by crushing of concrete in the 402 compression region within the middle segment of the tested specimen (Fig. 11) .
403
Flexural load versus midspan deflections of beam specimens tested under four point 404 loads is shown in Fig. 12 
Experimental Axial Load Bending Moment Interaction Diagrams
421
The experimental axial load-bending moment interaction diagrams for CT, GT,
422
CTCR, GTGR and REF specimens were drawn using pure axial load ( e = 0 mm), combined was calculated using Equation (1):
where P is the applied axial load. The bending moment capacity ( M ) of specimens tested as 431 beams under four point loads was calculated using Equation (2):
where P is the applied flexural load under four point loads arrangement and L is the span 433 length of test specimen. In this study the span length was 705 mm (Table 5) .
434
In constructing the axial load-bending moment interaction ( M P  ) curves for CT,
435
GT, CTCR and GTGR specimens, peak loads and lateral deformations at peak loads were 
443
The plotted axial load-bending moment interaction ( M P  ) curves showed that FRP 444 bar reinforced CFFT specimens (CTCR and GTGR) exhibited higher peak loads and bending 445 moments than unreinforced CFFT specimens (CT and GT) (Fig. 13) which could be 446 attributed to the increase in load carrying capacity of specimens due to the addition of FRP 447 bars. The GT and GTGR specimens exhibited higher peak loads and bending moments than 448 the CT and CTCR specimens. The peak loads and bending moments of GTGR specimens 449 were higher than those of CTCR specimens. This was due to the fact that GFRP bars have 
